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EFFECT OF RIVET OR BOLT HOLES ON THE ULTIMATE STRENGTH
DEVELOTED BY 24S-T AND ALCLAD T5S5-T SHEET
IN INCCMPLFTE DIAGONMAL TENCION

By L. Rogs ILevin end David H. Nelson
SUMMARY.

Strencth tests were made of a number of 24S-T and Alclad T55-T
aluminum-alloy shear webs to determine the effect of rivet ar boltb
holes on the shesi strensth. Data were obbalned for webs which
approached a condltion of pure shear stiress as woll as for webs
with well-developed disgcnal tension. The rivet factor, (pltch
minue dlameter) divided by pitch, wes varled from amyroximately
0.82 %o 0.62. These teste indicated that the shear stresses
on the gross section were nearly constant for &ll valves of the
rivet factor investigated if the other :&'o‘:erties of 'bhe web were
not changed. .

INTROTUCTION

The strength of a shear web is sometimes computed on the
agsumption that fallwwre will teks place when the shear stress
on the net section between rivet or bolt holes reaches the ultimate
ghear stress of the mebterial. Tihig ypractice is amalegous to the
wethod used forr computing the strength of tension members with

holes, except that meny of the light alloys used in aircraft structures

aro known to show stress-concentrstion effects of holes at ultimate
loed. These effects must be taken into account when camputing

the sSrength of tension members. Similer stress-concentration
effects may be expected In shear webs. Another dii‘.[‘iculty involved
in computing the strength of shear webs is that no reelly satis-
factory method of determining the ultimate shear stress of a
tiin sheet has been devised.
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Becauge of these difficulties the most expedient method of
determining the alloweble stress for shear webs with rivet or
bolt holes is by direct tests on shear webs fastened with rivets
or bolts and subJected to pure shear load, while the ratio of
pitch to diameter ig varied to evaluate the combined effect of
reduction in section and stress concentration around holes.

The stiffening of the webs should also be varied in order to
determine the effect of changing fram the nearly shear-reslstant
wob (failure occurs soon after buckling tekes place) to the _
pertly dlsgonel-tension web (failure occurs long after buckling
takes place). The results of such teste made on 24S-T and
Alclad T58-T sluminum-alloy sheets ere given hersein.

SYMBOLS

Cr rivet factor (? ; % or Zizs:r:§e:l:iinziiin:fo?oi:fes)

L length slong one side of shear panel between corner
bolts, inches : :

P loed reguired to fall panel, kips

a diameter of rivet or bolt holes, inches

P pitch of rivet or bolt holes in one row, inches

t thickneas of sheet, inches

Oult ultimate tensile stress, ksi

Operf ultimate tonsile gtress on ned sectlon of perforated
tensile specimen, ksi '

T shear stress on web, ksi

Tg shear stress on groes section ¢f web, kai

Tn shoar stress on net section of webd between rivet holem, ksl

Tgav average measured groés shear stress at fallure for one

type of specimen, kei

Tult ultimate shear stress of meterlsal, ksl

o
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TEST SPECIMENS AND PROCEDURE

The test specimens used in the present investlgation were
mede from 24S-T or Alcled 75S-T aluminum 2lloy of 0.C%0-inch
thickness. In order to have specimemns fail at different stages
of incomplete diegonal tension some specimens were teated as flat ™~
sheets without stiffeners; these spscimens gave fairly well-
deveicped diagonal vemnsion. The cther specimens, tested with
closely spaced stiffensrs (fig. 1), approached a condition of pure
shear stress. Moct cf the specimens, which haed an effective length
lI{ inches and an effesctive width of 5 inches, were tested in
the wectangular frame shown in figure 2. & Few of the specimens
were panels 10 inches square snd were tested In the square frame
showvn in flgure 3. The spocimens were fastened into the square
and rectangular frames with one or two rows o1 bolis which were
tight fits in the holes. £L11 bub two of the teste in the
rectangule> frume woi'e made with washers under the heads of the
bolta; those twn were mado with the bwads of the bolig bearing directly
on tile sheet. The Ltests in tihe esqueare frams werc made with the gheet
between *he anp_,Les and also with the sheet on the outside of the a.ngles .
g0 tnes tho bolt heads we.c bearing ¢liovvly on the gheet '
In all testo the pitch of the holes was 1 inch and the hole
diamcters, used to obtain a varietion In pitch-tc-diameter ratio,
were 3/16, 1/k, 5/16,and 3/8 ineh.

Ths test epecimens were cubt from sevorel ditrferent shects
of material., Ulhtimate toensile strongths of cach sheet of material
wore determined from the following groups of control specimens:

(a) Two standerd tensile spocimens cut persllel to
the grain

(b) Two stendard tensilo specimens cut porpendicular
to the grain

(¢) Two perforated tonsile specimens cubt parallel to
the grain for each size of hole used in the sihcar wobs
(eight specimons)

(1) Two perforated tensile specimens cubt porpendiculer
to tho grain for cach size of hole used in the shear webs
(eight specimons)
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The perforated tensile spocimens mentioned unéer (c) end (d)
were gtrips with a width equal to tlie pitch of the holcs in ths . R
shear webe and with & hole in the middle of -each corresponding
to ons of the sizee uvsed in the shear webs. These perforsated
specimens were used to evaluwate the stresb-~concentration effects _
at ultimate lozd under simple tension loading. : =

TESY IESULTS'

The shear stress at fallure wac computed for both the gross
section and the net section along the line of hules and reduced
to the minimum guaranteed properties or tho materiel. The shear
stress at fallure on the rrose pecilan of ‘each specimen tested
in the rectanguler freame wes computed by

o

(1)

:
td
ek

For tho spocimens tested in the equerc freane with dlagonal loading _ o =
the Iormule for shesr ctress ca the gross ‘sectl n beccmes

_0.7072 o
gz TS B - (2)

=d

The shcar streses at failure on the net section along the lino of
holes was computed for each spetimen by

. | -
Cy : R

In order to meke possible a camperiponh of specimens cut from . - e
different sheets of the ssme material, all shoar strecscs saapttod
by rorumlas (l) (a) end. (3) were *‘ed.uccd So the minim;ml guereanteed B _
rroperties of the mate;ial as glven In referencos 1 and £ e
(6 ka1l for 4S-T alumimm alloy and To kei for Alcled TOS-T alumimm
elicy). This roduction wes mede by multiplying the V&l'lJEJS cbtained
feopm Formmles (1), (2), end (3) by 62/0.q4 for 24S-T aluminum '
alloy and T2 /Jult for Alclad T58-T alumizum allay, whoro Gult ’
i1s the actual ultimete tenslle sgtress of a!particuler shect
obtained fram stendsrd teneille specimens cut perpondicular to the
grain of the sheet. Stencard temsile spocimens cut perpendicular
to the grain were uged to obtain o1 bedeuse rofercnce 1 gtates
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that a specimen cubt from the sheet in any direction shall nossess
the certain minimum guerenteed properties given in this reference
paper. For the standard crosgs-graln specimens, 0,1+ Was generally
from 2.2 to 3.4 percent less then ior the standerd with-grain -
gpecimens. (See table 1.)

The reduced vsluss of T g and T, &ave ghown in figures 4 and 5
fram which, apparently, T g is nearly constant while T ~ decresses

a8 Cp increapes. Figuwres 4 and %5 show the average values of o
groses shear stiress at falluve T gy for the webs with edges cla:m;ged

between a heavy plate and stlif washers or betwsen two heavy plates.
The velue of T, = wes 36.9 ki Ffor the stifléned Alclad T53~T webs,

31.9 ksl for the ungtiffensd Alclad T55-T webs, 20.3 ksl for the
stiffened 2WS-T webe, and 5.8 ksi for the vnstiifened 24S-T webs.
The individual valves of T g in any group did not vary more than

9 percent from these values ol T B and most of the panels fell = __

within 5 percent of the averase. Figure 3 shows these varilations

between TGav and individnal valves of T g for the webs w*ith

edges clamped bebtween a heavy plate and stifs washers

Table 1 glvees the vltimate stresses for the net sectlion
of the perforated tensile specimens as well as for ths standsrd
tengile specimens. This teble a&lso glves the stress-concentration
Tactors Ouly/Opers for the perforated speclmens, whers oyiy 18
the aversge ultimate stress of two standerd tensile specimens and
Operf 18 the ultimate tensile stress on the met sectlon of a

perforated smecimen cut in the seme direction as the standard speci-
mens. Inspection of table 1 indicates a slight tendency for Uperf

to decrease as C, Iincreases. -

DISCUSSION QF TEST RESULTS . ; e

In eircraft structures the shear stress T e on the gross

gection or & shear web is sometimes computed by formmla (l), and
ths sheer stress T, on the net sectlon along the rlvet or bolt

line, by dividirg T, by Cp as indicated by formula (3).

Failure 1s assumed to occur in a straight line along the center line
of the holes when T, becomes equal to the slloweble shear stress
of the material. This alloweble stress is assumed to be independent
of changes in the pitch-to-diameter ratlo of the holes. The

present tests, however, seem to indicate thet this method 1s not
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correct. These tegts show that fallure tends to be in a zigzag
line between holes rather then in a straight line. The tests
also indicate that the cshear stresses on the net sectim T,

gt fallure were not constant as usua¢ly assumed bub aecreased
as Cr incroased.

Variations in ghear sitréss ab failure.- Fizuros 4 and 5
and table 1 indicate thuat the decrease in T, et failure

ag Cp Increcased was large campared with the decrsase in
Oporf ©On the tensile specimens. Computations showed that for
ghear webs with C, aporoximately egual to O.81, T, at
failure was Trom 20 to 30 percent less thun for the shear webs
with Cp approximately eguel to 0.62. 'Tuble 1 indicatoe that
the stress-concentration factor dulé/c vevied from 1.038
t0-1.088 for the Alclad 75S-T alwminum alloy and fram 1.044 to
1.202 for 2u3-T alumimm alloy as C,. veried frum 0.528 to
0.606. These facts, then, indicate that the veriation in T,
can be partly eccounted for by the stress concentration offucts
noted in the tcnsion tests. :

Part of the decrease 1n T, at Tallureo as Cy increased may
have been because large bearing stressez as well as large shear
stresgses were at the bame polnt on the edgec of a hole in the
shoar webs; whereas, no bcaring strosses woro sround the edge
o’ a hole in the perioreted btensile spcaimens. Thess bearing
streeses increoced s C, increascd; apparontly, thla increase
in beering stross decrecased the abllity .of the shect to carry
shoer stress. The data availablo eve 1nsu1ficicnt to debormino
tho exact intcraction effects.

Grogs shear stressos at felluro.- Figurces 4 and 5 show that

is elmost constent over the renge of Cp, fram sbout 0.81
t% about 0.62. The averege values of gross sheer stross at
fallure '1'8&V axre givon for sheer webe with the edges clemped

botweon two heavy platos or between a heavy plate and stiff
weshors. These volues of Tgays however, should be used only

for tho range of Cn values covered in the prcsent tests. As

Cr continues to decroase, T, will become ncarly constant because
it ie approaching a maximum valuc somewhat less than Tult for the

material; whon this value ls reached, 'Tb will no longer be constant

but will docrcaso at sbout tho samo rate as Cp (the ratio of net

aroa along the line of holos to gross arpa along the line of holes)
decroasos .
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Effect of method of attachment on ehesr strecsges.- The averasg
gross shear stresses shown in figures 4 and 5 eres the result o:
tests on specimens with the heavy sattechment nlete of the
rectangular frame on one side of the web and ztiff washers on
the other. Two testns were &lso mede with the sheet clemped between
the faces of the heavy angles in the aquare frams shown in }
figure 3. The resulbz of both methods are shown in figure 5 and
no anparent difference is noted in the shear strength cbtained
by the two methods of fastening. Two tests were made I1n each
freme with the heads of the bolts beering directly cun the sheet
of the specimens, which were duplicates of thouss spocimens thet
had hoavy plates on both sgides or a heavy pisbo on onc mide
and atir? washers under the headz of bolts. The results of these
teets are also shown in figure 5. When the heads of the bolts
were bearing directly on the sheet the shear strength wes
appearently lower than when the sheet was clamped betwecn a heavy
plate and stiff washers cr between two hoavy zlates. 'the shear
strength obtalned when the bolt heads were boaring dlrecsly an
the sheet was sbout 1l mercent less than when the cdges were _
well suprorted on both gldes. Previous tests desciibsd in reference
indicated that snacimens which wore rivetod Sc ans gide of a plate
without washers under the heads of the yvivebts world have a strength
gbout 15 percent lesgo bhan the ahrength of a similer specimen bolted
oir riveted between heavy nlates. -

Two factors may comntribute to thic difference in strength
between webs that ae clemped botween a heavy plete and washers

e

and wobs thav ars festensed to a plate on cne side but have tho heads
of the bolts or vilveies bearing dircetly on the opposite side of

the chect. When the web is tightly clampod betwssxn a plate

end washers or betwscn two plates, friction may transmit same of

the load and rodvce the strese before ieachirg the net sectlon
along the rivet linc. In tho present teote, howecver, the bolts
were drawn Juest tight encugh to msice certain that the perts wore
dravn together so that very little opportimity exissod for eny load
to be transmitted in friction. The parts arce usually clamped more
tightly than thay sre in these tests; therefore, iT any load is

transmitted in friction, the prescnt bests are probebly conservative.

Another expleratlon for the differonce in etrength may be that when
the web is fastened to a plate or angle with only the hesd of

& rivet or bolt for suwrort on tho opposite gide, the buckles which
8ovelop in the sheot oxtend very clcese to She edges of the holes.
When this buckling occurs there is a locsl increagse in strese.
caused by the folds as well as by the reducticon in net scctim
along the rivet linc. When the shost is sunporteod on bsth sides
the buckles do nct extend very closo %o the holcs; therofore, no
Ylocal increase in stress fram this source is adésd to the lccal
increaso in stress caused by tho eduction in the not secticn elong
the line of holos.
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Number of rowes of rivets required.- Figures L4 and 5 phow
that In both 2LS-T and in Alsled [95-T webs no consistent
difference was noted in strength boetween the specimens fastened
with one and two rows of bolims for,values of C, fram C.75
to 0.62. For Cp of &bout 0.81 (—l-é-in.-holcs\, however, the

B /

248 -T mpecimens with ane row aof bolts consistently carvied

smaller loads than the specimens with two rows of bolje. No

teoats woro mado on Alelsd T56-T wobs with oo row of %ﬁ-inch bolis.
’ =

The bearing gtrezses on the 24S-T panels with one row ef-?g—inch

holes exceceded the allowable bearing stressss; on e£ll others the
bearing stresmes were below the allowable values (reference 4).

If one row of bolis is sufficient ho »educe ths bearing stresses
below the allowable values given in rofeyence 4, then, nhe
addition of the second row In an avtempt to decreare the bearing
ghtresses at sach hole appsars to hove very iittle or no effect cn
the girength of the Joinst. Of course, 1T one rcw of rivets doous
not furnish sufficiont shear strewyrth in thoe rivets then the
addltion of a second row would increaszc the stiength of the Joint.

CONCLUSIORS .

Strength teots were made of shear webs of 243-T and Alclad T5S-T
aluminmm allory to determine the effect of rivet or bolt holes on
the allowable ehear ebtrces of thegse matedials. In order to ob'ain
data on specimens thet falled at differeinit stases of incomvlete
Glagonal tension, one type of specimen -.& flabt ghest wilthout
gtiifeners - pave well-developed dlagonel tenslon; the other
type ol snceimen - a flat sheet wilth clogely spaced stifioncrs -
approached & condiiion of pure shear stross. Thoe rivet factor Cy,

(pitch minus dlemeter) divided by ploch, was veried fram about
0.81 to ebout 0.62 by using a consiant PItch and changing the
slze of the holes. Thcso shear web teshtd indicated thau:

1. The chesy stresses on the faogs doction at. fallure were
almost constant for all velues of C, Inveatigated 1 the other
vroperties of the web were not chapged. :

2. For webs with the edges clsmpcd Hetween two heavy plates
and stiff washerse, the average shear stroes cn the groass section

at failuro waes 36.9 kel for the stiffened Alclad T5S-T webs, 1.9 ksi

Tor the unstiffoned Alclad T53-T weba, 0.3 kei for the stiirfened
chS-T webs, and 5.8 ksi for the unstiffcened ~hS-T webs.

I

[

|
i

d



\0

NACA TN No. 1177

2. Vhen the webs were fantened with a hecavy plate along ons
glde with the leads of the rivets oi* bolts beering dirvectly on
the sheet on the opposite side, the gheer strength of the webs was
gbout 11 percent less than when the edges were well supported on
both sides.

Langley lMemcorial feronautical Laboratoiy
National Advilsory Committee for Aeronautics
Langley Field, Va., September 18, 1546
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TABLE I

TENSILE STRENGTHS OF CONTROL SPECIMERS

Nominal | Net area | Yperf] Sult Nominel | Net eres |®perf|ult
Specimen| diemeter| Gross area’| (ksi)l o || Specimen! dlametex| Gross aree’| (ksi) Tpert
(in.) Cp per (in.) Cp
24S-T sheet 1

With grain Cross grain

(O‘ult = T1..62) (O’ult = 70-07)
L 3/16 0.812 59.6 | 1.202 25 | 3/16 | 0.803 60.4% |1.159
2 3/16 .792 64,5 | 1.110 26 3/16 .798 6.9 |1.132
3 1/h .53 63.2 [ 1.133 27 1/% <48 61.1 {1.1k8
L 1/4 <750 64.3 | 1,131 28 1/ .752 60.3 |1.162
5 5/16 6832 64.7 | 1.10 29 5/16 679 60.7 | 1.155
6 5/16 672 63.8 ] 1.122 30 5/16 676 61.2 | 1.145
7 3/8 . 64.7 | 1.106 31 3/8 <606 61.7 11.136
8 3/8 .632 6.8 | 1.104 32 3/8 613 64.3 {1.089

24S-T sheet 2

With grain Cross grein

("ult = T1.8%) (Uult = £9.60)
9 3/16 0.800 63.7 | 1.128 33 3/16 | 0.802 . [é62.1|1.1:a
10 3/16 813 63.9 | 1.124 3% | 3/16 .T9% 63.0 [1.103
i 1/h .51 67,0 { 1.072 35 1/4 «Thh 63.4 | 1.097
12 /4 .52 67.0 | 1.072 36 1/k -T45 63.9 |1.088
13 5/16 .688 66.5 | 1.080 37 5/16 681 65.9 |1.055
14 5/16 691 66.6 | 1.079 38 5/16 .686 64.5 |1.078
15 3/8 .625 68.0 | 1.056 39 3/8 626 65.1 |1.069
16 3/8 .62k 68.8 | 1.0k 1o 3/8 621 66.2 |1.051

Alcled T5S-T sheet

With grein Cross grain

(ot = 81L.3%) (oway = T8.56)
17 3/16 0.828 T4.8 | 1.088 k3 3/16 | 0.807 T5.3 {1.043
18 3/16 798 8.2 {1.039 k2 3/16 .8o2 ™.3 {1.068
19 1/h +T39 8.3 11.038 43 /% 752 T3.2 [1.073
20 1/h JT6T 5.0 | 1,083 b 1/h o T ™.T |1.052
21 5/16 .682 TT.1 | 1.055 4 | 516 |  .682 5.2 |1.045
22 5/16 677 TT.k | 1.051 46 5/16 .690 73.8 [1.064
23 3/8 .618 T7.3 | 1.052 Y7 | 3/8 .620 5.5 {1.041
24 3/8 618 76.3 |1.064 w3 1. 3/8 .62h TH.T {1.052

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.~ Stiffened shear web. Sheet thickness, 0040 inch .
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